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Abstract: In thll~ nuLt~ \,ht, InAtllbIlIt.y m LilA Knlvm-Hehnnholtz ("()UfigUfU-
tIC'" or it Hl,l'ltttfiud plU,I3111U has bC'lBll Ht.ndmll to IUcluoo thtl JOlni mfimmml (ll 
HHeoLH of F L R. and Cot'1Il11l':! foJ.·c~1.-I Th~ plu!:1rna 18 fl.SHUJIlfld to be tnOVlIl~ 
WJth a llUlform HtJml.nUJlg' vAJomLy I"md the u,:-..I.'{ oj' rotation IS taJwn'n"lllng thA 
dH'acLlOn of the hOl'lzrmtu,l Hmgnoj,lI' fiold. Tim Ih~pm'hloll l'AhttlOn \ha.s noon 
:"lulvod numorlca.lIyand It lJ:j [(lund (,llf\L thH COJ IOhH iOrC{)H huve dual I'uJu\ Ht,alnhz-
IIlIl, fur Hillall wave lHllllbu1'8 uur] dostablhz.mg fur lalg{' W'LVO 1I1lmb~I'H The 
pIMrnlL ou,u ttl fa.ct bo Sl'Lublltzeu by (,iWHu e11eoLi'5 OVOI' a l'ol'Lam slIl~1I wOrVo 
numbol J'ange over whmh It i~ uUl'ltahlo ill th(~lI' ah8(Jnf'L~_ \ 
1. Introduction 
Tho Ht.a11lhl,y of the WolIl,llO\\'lI KulYllI-HolmllO{t,z t:ollfigllmt.jo11 hu.., h'"ll ~t,I!ll1o,1 
IJY ""yo!'a] autho" u.ml u. .It-ta.llotl '\('."011111 "j l·hl·"O 11I\'I'HIlg"btlI1H Ita" 1)(',,,, glYl\1I 
by Gltalldrasoklta.- (HIlil) Tlw IlUPllJ'tl1Tl('" 1~lltl tJ", ,1".IHlizUlg mil([Oll(" oj 
It'Ll:' "IT('ui" on pl,,"ml1 lllHtal))hllO .... lIa" 1"'''11 pOJl\l('(1 onl. llY ).ttlHtlnhluth et al 
((9(;!l); BohO! is "'ml 1'l1y10l (1!l!i:J) lLllU Juku" (l!IM) 
HlIlllling;, Molehiol' 1111U Popuvjoh (1!)lj8) hay() Hl.udmd ilw Jt'LR off""I,.; Oil 
Lh" KolYin-HohuhoJj,z hml,llthlilt,y oj' d, flllly lUlJiz(lIl plIltHm.\ III whi"h Un",o iH " 
(Jtle-dlln"'I~lollal Iltl'd,tIUU",ttoll III t.llo dOIl"IL), III a dum·.l.wll tl'a.IlHV"I'Ko 1 () th,,1 oi 
th" mu.g;llotlO uolu. But III LllIH Ktwly t.h" "1f",,l.H of Ih" ClIl'lIIlis fo1'(,"" \\<11''' Jlot, 
inl>lllll"d. In "lOW of tht' Illlpt)l'1.'~I1(''' 0[' l·h" ({['ot:!. of COl'inltH fOl'''''~, Bhl,tm (1970) 
haR Ht](,he<l ~h" FJ...R o[fud.i'\ 011 ~ho Kt:!"tt1-H()huholt~ lllKtu.1Jl!tt.y of " lot,at.ing 
JIlagll"LIMed pllloHJIl'" 01 variable tlull,YILy [a hlH Hj.wly tho d.XiH 01' ]'otl>t.ioll w"s 
I,U.1.01l 1,0 be III .. Iltl'Oet,jOtl tl'''n"VUl',~'' t,o thu.t of t.h" Ht",tio lIlli/orm hOlIZOll~l1l 
JIllltgnoiic fiuld. fn ",,,ttl,,l phYliioal HiLuatiull", wlwtho,. IloHtI'OphYHwl11 01' gou-
ph.Yrl]"",l, th" OU."" whull th" BystOIll 1S p"l'tu.klllg III a 111llforrTl roL .. tlUlI about tho 
.lll'eut.ioll of mag-Bot'" tiBlu I,~ ",I"" oll1l[.ol'e~t. 
It would, 1,lIel'ciOl'e, b" of ImpOl't.u.IlO" "HU OI(lI<1Uy inkn:Htlllg 1.(1 oX'UIlItHl 
t.l\o tilth"" I,,,, 01 tIl<> Hllulllt<1ll1ll111i'l P'"""I"'" uf ('\1<' "Ho"!." of FLR "11<1 Corio"" 
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rOI'MS 011 ti\ll K-H inHt~bihly III to strat.jfiod plaslIla whil,h iH T'otn.1111g unifurmly 
ahoUl tho lil1'"utioll uf thu magnlltio fiolli. Thlll a.~Pllct JOl'm~ 1,h" Hllhjnd. 1Ua.t.1,OI' 
ul tlu~ noto wh!)l'l' We lulYl' pOllsitlorctl t}w CIIS('. of WIIVCl prop&oglltlOll t'I"~na\'Ol'~O 
to that Htati" hOl'IZ(lIltn.ll)lI~gllnt'" field, fn th" ah~"lI(1(' of Htrl1Mllmg motion, " 
slIui.lal' /i1,ully (in tho P""~(lIW" of "tfll(l~H of VIl'I(lORlty) haK heoll Cl>l'l'ind oui hy 
Bha1,la a.lld Sill1llltl' (1.975), 
2. Pe~badon equadon. 
COJlRlllOl' a plaHrna (lonfigura1,1l1ll whll'h IS 1Il "'lluhhrllUU nudor till' aCt.IOlI of Do 
uniform h,ori7.olltal magnut.lc fI"ld H ~ (H, 0, 0), u,wl whICh is 1Il UmfOl'lIlI'o11\tlllll 
about LlIIl "'I'XJ~ w.1·h !loll !lollguhw Yu]oClt,y 0 1.<', n ~ (0, 0, 0) TIm pla~m!lo 
II! aHHl1m(u\ ill h" 1Il0V!IIg wlt.h a uniform H11'''''lUUlg veiocl1,y U -- (0, U, tI), 
'rho fillit.n1l0HH ,,[ th" ion TJIWlUOI' rlLd1l1~ (It'I,R,) IH tal,on int,o "",connt llY COllRidlll-
mg thn proK.~UI'U lIoa " 1"mHOI' I'll (P) ill t.hu hy<i)'(IllUl.gnutiu o'l'mti0I111_ Ll,j, 
u(u, v, w), h(h", II, h), 8(1, 8PmHl'(,ut.,wly dHlHllu th" p()r~\ll'hatiol\ UI Ynh)l,jty, 
magnetic £l"ld H, dnllHlty f' 1111<1 Kt.WHH tunK"!, P Th,,, IillCarizlI(lIlCrt.1ll'hat,J(l1l 
"'1nl1hll11H "ppl'OprUl.Le. to 1,ho Pl'ObJll1ll 11t!> 
au I fI li""j- -t p(U,V)u - -V8P-I 4n- (V" h 1 H I g8p 1- :!p(u -, Ql- (I) 
iJh _ (UV)h - (HV)Il, V,h ~ 0, (3) 
V f) - 0, (4) 
\\ IWI" g - _ (n, 0, -y) ,~ M,,(l\lll .. ~t.' .. n dn" 1,11 g"~' 11y For lhl' ILlll'l7.tll,\.al )I1'I!lnlltw 
Huhl H(H, II, U), t.h" ht.J'l,Kh 1.<>"",,, 1'1" tal,Ulg ,nt. .. 'L''''"'llIt lh(' ll'1]1" lOll )I,WM">II 
"lLrllU~, h~" Ih .. 1:t>mpu'lllllt.K 
1'., --- p, 
( ,111' PUN ~ 1)-P" , fI!J 
_I ~'V ). 
.1: 
( ill!' ,atl ) p.. l' II'" rJ!I . az ' 
(5) 
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Ho\'() P is the Rcalar part, of Pl'llSSUJ'O and pv = NT14wlI, where WR iH tho lOll 
~yJ'aj,ion fm'luenoy, IVhilo Nand l' 1101'(1 I'Ospeutivf;lly the numb .. r d"n~ity and ion 
tompel'a.tuJ'll, 
Wo seok solutioJl" of t,h(1 above eqUI>tlOnH, by ;~nalyRing them in tnrmA or 
""I'mal moclOH, of th" form 
oxp(ikull+illt), (6) 
who"" Ir., 18 the Wl>Vo number of the }ll,rt,ul'l'I>tlOn along 1/-a.xiH and n is the. growt,h 
""te of the port,lll'lJatIO)\H Wo 11m thUH cOIIBidel'm!! hol'o thl' tl'anHVttl'Se mode 
or IVaNe propagll.t.ioll, aK III Bhati» (1970) and Bhatia and Rteinel' (1975), w< thL" 
JTI0110 lH oa"lly t,rautable m",thcmatwaliy Furt,hor It iM hop",} that" iH an oarliel' 
Htudi,,", tho ,,""entlal fOl1tU1'OH of Lhe instabllit,y am rnyoalod hy thl'sc tranHI'O(,80 
WI1Yes and that t,ll" study glYOH 11" at least an Jllsight int,o tho t,olldellllitl" of tho 
lIlfillCllCl'H of thl1 phYKlcal "ffcct~ Htucliecl 
The mfilllm"" of t,he ,,{{tlllis of Hall llUl'J'tmt.s Rhould alRo he of i1l1~JrtllonllO 
III tho stability prohlem stucim(l how However for tltll hOJ'lzont!Ll ) agJlotj" 
/illld Hall "Ul'l',m~ LIIl'm docs not Ilontnbut," any "floct, 1'01' tho modll 110TlRHlcrud 
(Eq (6)) Tit" Hall off"ct thliH IloOR Hot have allY infiuenco on the stab lity of 
the cOHRirl(lrod plasma 
For tho pel'turbatiOllH of U", form (fi), ll'luatl<l!ls (l) awl (4), hlWnlUll, 011 
ItHlllg (2), (3) IIond (5) ILlld writ,mg t,I\I> Opt,rat.ol' J) = dldz, 
ip(n-l-kllU)u = -2ileyvuDp, (7) 
'ip(n -1-leIlU)'I' = -.kylijl-v(,ky'I!-Dw)J)p+pv(D2-k ll"Jw-I-2p .ou,' 
(8) 
';p(,,-+kyU)w 
~ - DliJJ-v( Dp) f),!-pv(D2_kv"),,-,;kllv(Dp)w-(,j(f( DkP)U'W -2pQ., 
n+ 11 ) 
(9) 
and 
ik.,v+DlI' - 0 (10) 
Eluumatmg lJp hetw""" (8) and (9) alld fillally putting" ill tl,rms of 1/1 fl'Om (10) 
wo get th" difflll'llntial equation in w as 
-I-2kyv[D{(Dw)(Dpj}-ky"(Dp)wJ- gkll'(Dk PU)!I' = (I n+ /I 
(11) 
Til oht,ainmg (11), it haR e.~Rumod that tho stratification in density is one-dim()n-
sional and is along the z-dircetioIl, 
I natability in a atratified plaama 531 
3. The di.perRioD relatioD 
In t,I~" following Wn "()n~id"r a plaSlnu. in which dunBlty p "'WinK nXl")Jlnut,i .. 1 
upwards Le., 
P -- fl1 exp({lo), (I ..;; z ..;; d, 1 
(12) 
~ 0, ulst,whern J 
willwe p, aJl(l fJ ILl'" ~(\n.~t,antH It iK IL~,.lIJllnd th"t t/w plu.~lUa IK eonfiuorl hotw",,11 
two I'Igiri hound .. r;"". at, z ~ 0 and z -_ d, ILnd iH mfillll,uly (lxtHII,lin,g 1Iiollg tho 
two horizoutal dll'OIltlOllN. HOllce 0]1 tlt"H!, uoun<larius '" lun,~t hu ","0 
(13) 
Appropri .. k, (M the 1)tllllldary CllluhtllHl at, l,}w [",n,l' b01l1"l",y 0 -'.0, lh" 
Koinlio)l oj (13) elm bo Wl';ttUIl Ij,tl 
exp('I1I, -'I1!,)d ~" 1 
or 
(m, - ·'"".)d = '2 j}-in, 
::,' hOlllg all l'n1.+~gor 
(14) 
(15) 
(16) 
Pul,t,!1Ig (he VLlluOH III the rool,H ril, "1I1l m, fl01ll 0lluati<lll (15) III (Hi) Wl' i.!:"l, 
tile (LiHPHI'Hioll 1'1·la( lOll 11.8 
(J 7) 
when, 
(JS) 
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c' 1 j/, k- ku d l' £ 1 . 
"11 'Ht.tUt,!llg ii "- _, _.' - an iI = "p, t,lLo 11011-( !mOllSJllnlLl ,orm 0 d!Hpel"H!O]' 
IX ex 
ii' 1-2iik\' [J -I-v- ~:- ) 1'k2 { U' I· 2UiI I- . .1: _ (B-2A U)} .~ o. 
1+ k' 1 + k" 
(19) 
A ~ D.fJ 
ex' ' 
(20) 
HOI U d and B .... " puw numhBrH 1~Jl(1 mAIL"m'o t.he Off(letH r()spoct1voIy of cOJ"ioli~ 
:1.nd gl'aMtatioTluJ force.':: 
The Holnl,lOll of "'llLMioll (JO) IH 
Hel'l' t \YO cl1,~e" ilriHcH' (i) fJ < (I and (i1) fl> 0 
Oase (i)' fl > (I (Stahle Stra.tificatiOn) 
JJ _ }"'l 
I H" ~ 
\ (:JJ) 
ft ",m he """ily "BOn from (21) that wlwll fl < 0, both A anll Bare nega!,!v" 
ami ]H,th t h" rout~ of ii 0.1 e then real. Henee tllo cOl1H!dorod plasma iH alway" 
still)le 
On.", (ii). fl > n (UllHI,ah]e Strat.ificI1tion) 
It. 1._ <:\"ltl' j"l'Um oqlmt,ioll (21) thl1t. when iI - A/(I-i k2) (iJlclmllllg v ,= A -c 0) 
th,· "y.~I'llll\ IS uJlNt.abl" for all k. Howey"r t.he Hystllm iH sta.blizm[ hy t.hos" "H"ot,H 
for ""tv" lIlnllher'H 0 < k < kc• whel'(' 
Th" Ry~t.Hm 18 of COUT'S" IUlsI.abl" for all k > kc 
A few lllnnerlCal eil\eul",tiollH of ke for dll'fcrclll. yahlO~ or A hav" heen cJl,J'ri"d 
and are giYen ill T",ble 1 It, i~ found tll",t k iUCJ"e"'SllK wit,1l A ThllH till' range 
of lee, ovcr which th" plasma rK HI,Jl,bliz"rl. lll!:I'I'aH"S With CnrinhK fon'PH Tit" 
effect of CorioliK fol'''oS iH therefOl[', K\.l1hilir.Jllg. 
Table 1. Value of k, Bga.inBt A 
For B = 100, v= 1·0 
A 10·0 15·0 20·0 25·0 30'0 
k, 1·78 2·28 2·69 2·94 3·13 
Table 2 Value of growth rate (lrua.g Ui») agaulBt 'wal,'e Ilurnhel (k) 
for C= In and B= IOn 
(k) ...... 
Sl. Para.- ~ <» No metels 0·0 IJ·2 0·4 06 1I 8 1 (I 1 2 1 J 16 1·8 2·0 ... 
,:, 
C"' 
1. v = 2·U 0·0 0·6199 I-l692 1 .5956 I 8711 ~ 1 9~99 1·9736 1·7SH 1·3769 0·2717 0·0 .,.. 
A = Z·O ~ 
2 -; = 2·0 0'0 0·5944 1·1507 16222 1 H7G7 :J.l794 22465 2-1712 1·9396 I i930 0·4000 ... 
A= 3'0 
;:! 
,:, 
3. v = 20 0·0 0·4982 10216 1'5258 1·9.139 2·2360 239U4 .:] 4076 2·2~.3; 2·0060 1·4966 <» 
A = 4·0 ::t 
,:, 
4 ~ = 2'0 00 0·2632 0·7247 l·lill; 1·7S84 2·1794 2 4~S6 2 .5361 2·5066 t 3:l64 2 nooo S; A = 5·1) 
'" 
; = 0·5 
~ 
5. 0·0 0·551U 1·0674 1·5191 l'i"I~(J'j' 2·17H 2 39~~ 2·5G].! 26797 2 'i63S 28213 ~ A = 2·0 is"' 
6 -; = 10 0·0 0·5920 H381 16022 1·9676 2'2:~611 2·H90 3. 5328 2·5883 25956 2·5612 <» 
A = 2·0 ~ ;::l. 
7. ,; = 1·5 0·0 0'614,3 11710 1·6268 1·9626 21794 2·2881l 22999 2·2220 2·0531 1 7,76 
A = 2·0 
8 v ~ 2·0 0·0 0·6199 1·169l 1·5956 I·SUI 19999 I q736 17SH 1·3769 0·2717 00 
A = 2·0 
9. 
-;;=3'0 0·0 0·5816 1·0580 1·3-lH 1·3643 l'OUOO 00 on o·n 1).1) 00 
A = 20 
10 -; = 40 0·0 o -16115 0·7423 06122 00 o·v O·U iJoO no (1·0 00 
A = 20 
Ot 
~ 
~ 
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In OJ'dB)' to ostimate th~ influence of tho vlIorious physica.l plIora.metors on the 
growth r .. to of t.he unstabl~ modu of propaga.1;ion, numerical oo.lculations were 
p~rform"d t,o ol)1;a.in the roots of equation (19) for several va.luos of the pa.ra-
motors v, A, U, keeping B = 1{)·0 and U -'= ).() fixod. These calculations arc 
pnlBolltml III Tabl .. 2 wheru wo Ilava given tho valuos of tho growth rate (Imaginary 
pl~rt of 1i) agu.in~t wave uumllar Ie for A = 2·0, 3'0, 4'0, 5'0; v = 0·5, 1'0, 1·5, 2·0, 
3'0, 4·0. XL 18 H~on tha-t for small values of tho wavo numberll the growth rato 
of thu uJlsta.ble modo doerfJaaes on incT611o/1ing the Coriolis plIora.mutor A Jor sa.mo 
v,~lu«~ of k .. wI for the Ilame v .. lues of the othol' pa.l'a.mBt,ora Howover, for largo 
wa.v" nUmlml'R the growt.h rat." is found to imro .. sos WIth im:r(laHing v .. luol\ of tho 
parameter A. Thus we fiuu t,lto.t the Corioli~ forces have a U111111'010, stahilizing 
[,"' WILV"~ of lo.l'go wlw"long~h (or sma.ll wave IlmuhoI's) and dest.abilizing for 
WIWUH of ~mlLll Wo.vo Itmgth (or largH w .. ve Immhm·s). Also it i~ found that th" 
mugu of waVt) llllmhenl, OVtl/ wJlIeh th" Coriolis forces h~VH a st~hilizing illituence, 
incl'oaH{lS with il1cl'oase III tho VaJUOR of tit" Corioli~ fOl'ca plloraIllot,or. '~ 
Th" m:Jiu(lnce of the FLR effol:t is 11180 found to bo stablltzillg for the sma-Ii 
range oi wavo numbul'~ over whieh the FLR <,a.n possIbly hllove. dOR~o.bilizLl , in-
fbltlllCU 1~ also foun,l to dum'ease WIth iJl(:ma.sing l'OtatlOn froquency 0.11& 011 
incruaRing }'LH, These rflsults aru ill IOgI'oemollt with ~lw earlier obscl'vati()lls 
of a lltroaming plasma (Bha.tia 1\170) when n .1 H u.nd uon-strealllmg pla.sma 
(Bhu.tia and Steiner 1975), whell n 1\ H-
It IUay ho alldod that tho an .. lysis is hrtlaJili dowll loJ' vHry sIUall villueB of Ie, 
a~ this implioH long wa.ve longth (listurh"ll(;e~ and it I) (it = wavHlongth) will 
exceed tho Apcod of sound and/or the COl'loliK foroll wtll CCa.Rll t.o l1t, small peL''(,U!'-
hatioJl. 
We may t.hus oOllcludu tho.t th" streaming pla.sma is curtainly stabilizud 
OVHr a COl'ta.iu wav" numb"r ra-Ilge of partul'bll.l.ioJlH (by COJ'loiJs forces and ]!'LR 
cHocts) oV(Jr which It is ullstablu ill their absoJlce. 
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